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In 1971, O'Keefe and Dostrovsky reported that responses of cells in the 
dorsal hippocampus of rats to restraining tactile stimuli represent 
information involved in place identification. Neuroscientists have been 
studying the hippocampal place systems in rodents, primates and human until 
today. One of the most curious finding therein is that the hippocampal place 
system is just like a car navigation system; it represents not only a 
current position, but also possible future paths. However, how animals and 
humans detect/expect special information has not been well elucidated. We 
have no bird's-eye view indubitably, and have to connect external, partially 
observable visual cues to the map maintained in the brain for knowing the 
topography around us. Resolution of uncertainty due to the partial 
observability is an unexplained function of the brain. Moreover, sensory 
inputs (e.g., a view of scenery in vision) are often quite different from 
the map-like representation with a well-organized coordinate system. Thus, 
position detection should require unknown intermediate representation 
between the map-like topographic system and each scene view.  
 
This thesis aimed at describing the neural encoding mechanism that 
translates an upcoming scene view into its anticipating brain activity. To 
examine how to cope with the uncertainty resolution, human behaviors when 
performing a partially observable maze navigation task were modeled by means 
of statistical modeling; in particular, a hidden Markov model (HMM) was 
developed, such to incorporate inference of a hidden variable in the 
environment and switching between exploration and exploitation based on the 
inference. The HMM-based model well reproduced the human behaviors, 
suggesting the human subjects actually performed exploration and 
exploitation to effectively adapt to this uncertain environment. To 
determine how the brain performs view expectation during spatial navigation, 
next, a multiple parallel decoding technique was applied to functional 
magnetic resonance imaging (fMRI) when human participants performed scene 
choice tasks in learned maze navigation environments. It enabled decoding of 
participants’ view expectation from fMRI signals in parietal and medial 
prefrontal cortices, whereas activity patterns in occipital cortex 
represented various types of external cues. The decoder’s output reflected 
  
participants’ expectations even when they were wrong, corresponding to 
subjective beliefs which were opposed to objective reality. Then, 
appropriate encoding models were identified so that they well reproduce 
anticipating fMRI activities in a data-driven manner during maze navigation. 
The obtained encoding models were noise-tolerant, because they incorporated 
the characteristics of the task environment. It was also found that the 
encoding models could predict fMRI activities in the inferior parietal gyrus 
and precuneus, and that details of anticipated scenes were locally 
represented in the superior prefrontal gyrus. Furthermore, a decoder 
associated with the data-driven encoding models accurately predicted future 
scene views in both passive and active navigational environments.  
 
In summary, the results described in this thesis indicated that humans 
anticipate a forthcoming scene during navigation, so that the neural 
representations of scene anticipation are robustly and effectively encoded 
in the parietal and medial prefrontal regions. It demonstrated the decoding 
of the participants' inaccurate prior belief of future observation. 
Additionally, the data-driven analysis showed that brain-activity-driven 
encoders represent scene views in a noise-tolerant manner and that the 
complementary decoder accurately predicts the future scene views. The 
findings through this experimental and analytical studies would be able to 
contribute to the future development of a new type of tool that allows 








































































  更に、試問の結果の要旨（例えば「平成 年 月 日論文内容とそれに関連した 
  口頭試問を行った結果合格と認めた。」）を付け加えること。 
 
Webでの即日公開を希望しない場合は、以下に公開可能とする日付を記入すること。 
要旨公開可能日：    年  月  日以降 
 
